Summary a-Hydroxy acid (AHA) formulations are commonly used for skin chemical peelings. The primary target is the stratum corneum (SC). The aim of this study was to assess the effects of various glycolic acid concentrations and commercial phenolic acid formulations on the SC. Quantitative colorimetry of a corneoxenometry bioassay was used. The test procedure involved glycolic acid concentrations ranging from 3% to 70% in alcoholic solution. Exposure times were set for 1 min and 3 min. The bioassay showed consistent reactivity with a dose-effect relationship when using the selected low exposure times. In a similar procedure the aggressiveness of commercially available phenolic acid formulations was identified not using hazardous in vivo testing. Corneoxenometry appears useful for in vitro testing of AHA peeling agents during short exposure times.
What's already known about this topic?
• Alpha hydroxyacids (AHA) are used for chemical peelings.
• AHA dosages used in clinical practice clearly depend on the chemical nature of the chemical compound.
• There is no safe clinical predictive test determining the safety of AHA concentrations and formulations.
What does this study add?
• Corneoxenometry (CXM) is offered as an ex-vivo bioassay predicting interactions between AHA and the human stratum corneum.
• Other xenobiotics distinct from AHA and possibly altering corneocytes could be tested using CXM in non hazardous procedures.
Glycolic acid (GA) and phenolic acid (PA) are a-hydroxy acids (AHAs) used for improving the severity of skin roughness, xerosis, retentional acne, some melanoses and several signs of photoageing. [1] [2] [3] [4] [5] [6] The complete mechanisms of action of GA on the stratum corneum (SC) are yet to be completely identified. Enhanced corneodesmosome breakdown following topical applications of low GA concentrations was observed using electron microscopy. 7 Such a cleavage process is possibly related to the activity of intercorneocyte cathepsin D-like proteinases. 8 In addition, various AHAs appear to stimulate ceramide biosynthesis, 9 in turn thwarting any faulty desquamation process, and increasing SC moisture levels. 10 When 35-70% GA concentrations are applied to human skin, a swift decrease in corneocyte cohesion takes place and the stratum Malpighii becomes necrotic. The combination of these effects is clinically observed as fragmentation of the SC into sheet-like fragments. 8 Long-term effects include a quicker SC turnover, which is responsible for SC thinning. Globally, GA acts as a chemical peeling agent. 11, 12 Comparative clinical assessments of the risk-benefit ratio of different AHA concentrations is difficult to perform. Indeed, testing the effects of chemical peels is potentially hazardous in vivo. By contrast, in vitro or ex vivo bioassays would be more convenient for predicting some AHA-specific effects occurring in clinical practice. 13 In the present study, the effects of different GA concentrations and PA commercial formulations were tested on normal human SC using the previously described corneoxenometry bioassay (CXM after corneocyte, xenobiotic, metry). 13, 14 This method entails the collection of human SC as a substrate for testing the ex vivo reactivity of xenobiotics within the corneocyte layers. The test compound at a given concentration is placed in contact with the SC for a defined period of time. After rinsing the SC with tap water, specific dyes are applied to the samples. The staining intensity is proportional to the degradation of proteins and lipids on the corneocytes. The average colour of the samples measured by reflectance colorimetry is a severity indicator of the damage induced by the xenobiotic to the SC.
Materials and methods

Experiment 1
GA concentrations of 3, 5, 7, 10, 20, 30, 50 and 70% in alcohol were tested at room temperature using CXM. Two series of nine cyanoacrylate skin-surface strippings (CSSSs) were harvested from the volar aspect of both forearms in 30 healthy adults. One CSSS from each volunteer was dipped for 1 or 3 min in water or in one of each of the GA test solutions. After rinsing under running tap water, they were air dried and stained for 30 s in a 30% hydroalcoholic solution of toluidine blue and basic fuchsin. Each CSSS colour was measured in triplicate by reflectance colorimetry using a Chroma Meter â CR400 (Konica-Minolta, Osaka, Japan). The mean CXM colorimetric index of mildness (CIM), representing the staining intensity of the samples, was calculated as previously reported, 13, 14 as follows: CIM = L*ÀChroma C*. The CIM value decreases with increasing chemical alteration of the corneocyte envelope. CIM data were reported as means and SDs. Comparisons between series of data were made using the Student's paired t-test. A P-value < 0Á05 was considered statistically significant.
Experiment 2
Commercially available peeling formulations containing PA were prepared at the reported 4Á4% and 10% concentrations. The first patient who received the treatment experienced severe chemical burns on the face. Three products -A, B and C -had been sequentially applied, and CXM was applied to the three formulations used singly and sequentially. The procedure was similar to the short CXM design described for GA, but lasted only 30 s for the PA formulations. In addition, gas chromatography was performed in a second step for dosing the actual PA concentrations in the three formulations.
Results
Experiment 1
CIM data by GA concentration are presented in Figure 1 . The CIM values obtained after a 1-min exposure time progressively decreased with increasing GA concentrations. Significance (P < 0Á05) was reached from the 20% concentration onwards.
No statistically significant differences were seen between any successive levels of the tested GA concentrations.
CIM values for the 3-min GA exposure progressively decreased with increasing GA concentration to reach significance (P < 0Á05) at 10% concentration (Fig. 1) . Additional increase in GA concentration led to a greater decrease in CIM values.
The two different GA exposure times (1 vs. 3 min) yielded significantly different CIM values (P < 0Á05) from the 20% concentration onwards.
Experiment 2
For two of the tested PA formulations (A, B) at the 10% and 4Á4% concentrations, respectively, the CIM data were in the expected range, reaching 39Á72 and 53Á42, respectively. By contrast, formulation C at the reported 4Á4% concentration showed a reduction of the CIM value to 5Á09 (Fig. 2) . Similarly, sequential CXM applications of the three products gave a minimal CIM value of 1Á23.
Gas chromatography revealed a PA concentration in product C about 1000-fold higher than the claimed concentration.
Discussion
The present study focused on the relevance of CXM for assessing the effects of various AHA concentrations on the SC. CXM resembles corneosurfametry, which is designed specifically for testing surfactants. 15, 16 CIM data yielded by both bioassays Compared with water as a control, reduction in colorimetric index of mildness (CIM) is influenced by various glycolic acid (GA) concentrations during 1 min (GA1) and 3 min (GA3) contact time with human stratum corneum. *P < 0Á05, **P < 0Á01 for comparison between the effects on CIM at each time point. AHA, a-hydroxy acid.
reflect the alterations of the SC induced by the test products. A previous study had shown that both the nature and concentration of the test product, as well as the exposure time, represented important variables influencing the CIM data. 13 The same bioassay allows the testing of so-called skin protection creams. 17 A correlation was previously established between corneosurfametry data and predictive testing on human skin. 15, 18 Topically applied GA has proven its relative efficacy and safety in a variety of skin conditions. 2, 4 Histologically, the recognized effects include reduction of SC thickness contrasting with increased epidermal thickness, more orderly maturation, enhanced rete ridge pattern, and dispersal of melanin within the basal layer. 17, 19 Additionally, GA possibly induces changes in the dermis. 2 The present study shows the reactivity of various GA concentrations in the CXM bioassay. The relationship between CIM and GA concentration indicates that both the 1-and 3-min exposure times were convenient and well suited to the purpose. In contrast, a previous study using a longer exposure had yielded some erratic CIM values in the CXM bioassay. 13 This recommended short exposure times for testing peeling agents with CXM. This procedure represents a major difference from the 2-h corneosurfametry procedure used for testing mild surfactant-based skin-cleansing products. The short time of the CXM procedure is closer to that required for microwave corneosurfametry. 15 CXM applied to commercially available PA peeling products rapidly yielded information about their safety and, on this occasion, clearly identified dangerous instructions in one of the formulations.
In conclusion, the effects of two AHAs on human SC were tested ex vivo and at various concentrations. Once the most convenient exposure time is determined for any given AHA to guarantee the sensitivity of the CXM bioassay, the procedure can be safely used to compare the CIM values of various peeling agents alone or in combination, and at various concentrations.
